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The f l u x  i n  t h e  emisston l i n e  cores  of t he  v t o l e t  a 1 1  H and K resonance 
l i n e s  is o f t e n  used a s  an  i n d i r e c t  measure fo r  s t e l l a r  magnettc a c t l v t t y .  The 
q u a l i t a t i v e  correspondence between the  magnetic f i e l d  s t r e n g t h  and t h e  b r i g h t n e s s  
of t h e  Ca 11 H D K  P lage  -- which fo l lows  d i r e c t l y  from a conpar i son  of spec t ro -  
heliograms and magnetograms (peg .  Letghton 1959, Howard 1959) -- demonst ra tes  
t h a t  t he  non-rad ia t ive  hea t tng  Is in t ima te ly  r e l a t e d  w i t h  the  magnetic f i e l d s .  
Skumanich, Smythe and F r a z i e r  (1975) s tud ied  a q u i e t  reg ion  LO d e r i v e  an empt r -  
i c a l  q u a n t i t a t i v e  r e l a t i o n  between t h e  Ca 11 K and magnetic f l u x  d e n s f t i e s ;  
proposed a l i n e a r  r e l a t i o n  between t h e  magnetic f l u x  d e n s i t l e s .  We extend  t h e i r  
s t u d y  Lo s o l a r  active r eg ions ,  and show t h a t  t h e  r e l a t i o n s h i p  between <fB> and 
t h e  Ca I1 H+K f l u x  d e n s i t y  can be descr ibed  by a power-law f i t  w i th  an index  
a f g n i f l c a n t l y  amal le r  than  uni ty .  

they  

We used the  main spec t rog raph  of the  McMath s o l a r  t e l e scope  on K l t t  Peak t o  
record  a Ca XI K spec t rohe l iogram and magnetogram of an ac t tve - reg ton  complex 
wirh  a r e a o l u t t o n  of 2:14 x 2:'4. (LivtngsLon, 1968, desc r ibed  the  in s t rumen l ) .  
The ac t tve - reg ion  complex, observed near d i s k  c e n t r e  on 22  October 1985, con- 
s i s t e d  of t h r e e  d i s L i n c t ,  a d j a c e n t  b ipo la r  reg1 ns.  The ~ o t a l  CS I1 K p lage  area 
given  i n  the  So la r  Geophysical Data was 2 x 10l8 km2. T h e  r a s t e r  scan (completed 
i n  -25 minutes)  covered 390" x 540". o r  2.8 l o5  x 3.9 l o 5  km2. 

The Ca I1 K l i ne -co re  i n t e n s i t y  IC was measured r e l a t i v e  t o  t he  l t n e v i n g  
i n t e n s i t y ,  L, in a window 7.39 A LO t h e  red (bo th  wi th  a 1.04 A wtde pass- 
band).  S c h r i j v e r  e t  a l .  (1987) d e r i v e  a c a l t b r a t t o n  of t he  Cs I1 K l i ne -co re  t o  
l i n c r i n g  i n t e n a i r y  r a t i o  t o  t h e  I l t .  Wllson Ca I1 H+K l ine -co re  f l u x  measurements 
of cool  ntars expressed  i n  a r b i t r a r y  u n i t s  ( c f .  Fig l a ) .  

HAGNETIC FLUX DENSITY AND CA I1 K INTENSITY 

i n t c n s t t y  p i x e l  by p ixe l .  We exclude p ixe l s  i n  sunspot  umbrae o r  penumbrae and 
pixels  near n e u t r a l  l t n e s .  
Ch I1 K excess  i n t e n a t t y  r a t i o  and t h e  magnetic f l u x  d e n s t t y  appea r s  t o  be non- 
l i n e a r ,  t h e  r e l a t i o n s h i p  does not  change i f  t h e  d a t a  a r e  rebtnned LO p i x e l s  w t th  
a n i t e  of up t o  6 x 6 times t h e  o r i g t n a l  
about  t h e  r e l a t i o n s h i p ,  however, is  g r e a t l y  reduced by reb tnnlng .  S c h r t j v e r  e t  
a1. (1987) a rgue  t h a t  t h t s  is due t o  t he  e x i s t e n c e  of a c o r r e l a t l o n  l eng th  wt th in  
which n e i t h e r  t h e  magnetic f l u x  d e n s t t y  nor the  Ca I1 K i n t e n s i t y  show l a r g e  
s y s t e m a t i c  changes. 

lower l i m i t .  S c h r i j v e r  (1987) a rgues  tha t  the  lower-limit  f l u x  is non-magnetic 
in o r i g i n  and t h a t  t t  should  be sub t r ac t ed  from the  s t e l l a r  f l u x  i n  comparisons 
wi th  o t h e r  r a d i a t i v e  d i a g n o s t i c s  of a c t i v i t y .  
n u b t r a c t i o n  of t h e  e m p i r i c a l  lower- l imi t  from the  observed s t e l l a r  f l u x e s  i s  
c a l l e d  an  excess  f lux .  

F tgu re  la compares the  magnetic f l u x  d e n s i t y  <fB> t o  the  r e l a t i v e  Ca 11 K 

Desp i t e  t h e  f a c t  t h a t  t h e  r e l a t t o n s h i p  between the  

2 y 4  p i x e l s  (Fig.  l b ) .  The s c a t t e r  

A diagram of r te l lar  Ca I1 H+K f luxes  versus  co lour  shows a colour-dependenL 

The q u a n t t t y  r e s u l t i n g  from the  

The lower- l tmt t  f lux  f o r  a so l a r - type  dwarf (B-V 0.67) 
ir 1c/Iw = 0.13 (Schr i jve r  e t  a l .  1987). 

M t c r  mubtracrion of t h e  lower-limtt  f l u x ,  t h e  da t a  i n  Ftgs.  l a  and l b  can 
be f i t t e d  by a power law ( c f .  F igure  IC). 
u n i t s  as measured by t h e  M L .  Wilson HK-photometer t h e  r e l a t t o n  r eads :  

When transformed t o  a r b i t r a r y  f l u x  

0.6 
bFCaII - 0.051 <fB> 
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Figure  1 (a ) .  
dens i ty .  
by Schr i jve r  e t  a1. (1987) LO enable  a d i r e c t  comparison wi th  M t .  Wilaon 
a r b i t r a r y  f lux  u n i t s .  The l i n e  segment r e p r e s e n t s  t h e  r e s u l t  of Skumanich, 
Smythe and F raz i e r  (1975) f o r  a q u i e t  region. 
corresponding Lo the  s t e l l a r  lower- l imi t  f l u x  i n  Ca I1 H+K f o r  a so l a r - type  
s t a r .  The  dashed curve r e p r e s e n t s  r e l a t i o n  1. Only 102 of the  d a t a  p o i n t s  I S  
p l o t t e d  SO t h a t  t h e  d o t s  remain reso lved .  

Ca I1 K l i ne -co re  over  l i n e r i n g  i n t e n s i t y  ve r sus  magnetic f l u x  
The s c a l e  f o r  t he  Ca I1 H+K excess  f l u x  d e n s i t y  on t h e  r i g h t  is der ived  

The arrow I n d i c a t e s  t he  l e v e l  
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Figure  l(b) 
A l l  d a t a  po in t s  have been p l o t t e d ,  but on ly  a smal l  f r a c t i o n  wi th in  the  box. 

Same as Figure  la .  but a f t e r  r eb inn ing  t o  p i x e l s  of 14y4  x 14:'4. 

where dFCaII t h e  Ca 11 H+K excess  f l u x  d e n s i t y .  
is changed by 20% t h e  exponent i n  Eq. (1) changes by 10%. 

n e c e s s a r i l y  f o r  s u r f a c e  averaged s te l la r  f l u x  d e n s i t i e s .  In  o r d e r  t o  d e r i v e  t h e  
r e l a t i o n  f o r  t h e  s u r f a c e  averaged f l u x e s ,  t h e  magnetic and Ca 11 H+K f l u x  
d e n s i t i e s  must be convolved wi th  the  (as y e t  unknown) d i s t r i b u t i o n  f u n c t i o n  of 
f l u x  va lues  f o r  t hese  q u a n t i t i e s .  

I f  t h e  va lue  of t h e  lower l i m i t  

This r e l a t i o n s h i p  is  v a l i d  f o r  small p i x e l s  on the s o l a r  s u r f a c e ,  and n o t  

DISCUSSION 

o u t e r  atmosphere and the photospher ic  magnetic f l u x  f o r  cool stars has been 
e s t a b l i s h e d  only  r e c e n t l y  ( S c h r i j v e r  and Sear 1987): 

A q u a n t i t a t i v e  r e l a t i o n s h i p  between t h e  r a d i a t i v e  lorses from t h e  s t e l l a r  
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F i g u r e  l(c) 
i n t e n s i t y  de r ived  from s t e l l a r  d a t a )  vs .  the magnetic f l u x  d e n s t t y .  
law f i t  of E q .  1 Is shown. 
Smythe and F r a t i e r  (1975; t h e i r  Table 3 ) .  

Ca I1 K excess  i n t e n s i t y  r a t i o  ( i . e .  a f t e r  s u b t r a c t i o n  of a mlnlmal 
The power- 

The open c i r c l e s  mark t h e  binned d a t e  o f  Skumanlch, 

A F ~ ~ ~ ~  - 0.055 <fB>o.62 

Th i s  power l a w  f i t s  t h e  s o l a r  and s t e l l a r  d a t a  provided <fB> < 300 Gauss. 
The s t e l l a r  Ca I1 H+K excess  f l u x  d e n s i t y  appears  t o  s a t u r a t e  when the  s te l la r  
magnet ic  f l u x  d e n s i t y  exceeds -300 Gauss ( S c h r i j v e r  and Saa r ,  1987). Note t h a t  
F igu re  I sugges t s  a similar s a t u r a t i o n  fo r  s o l a r  da t a .  

s i m i l a r  t o  Eq. (2) f o r  s t a r s .  The equa l i ty  of t h e  s o l a r  and r t e l l a r  r e l a t i o n 8  
s u p p o r t s  two major conclus ions :  a )  r a d i a t i v e  l o s s e s  from Ind iv idua l  smal l  areas 
on t h e  s o l a r  s u r f a c e  a p p a r e n t l y  behave as the sur face-averaged  atmospheres of 
Cool stars of d i f f e r e n t  l e v e l s  of a c t i v i t y ,  and b) i f  t h e  Sun moves up and down 
Along a l i n e  desc r ibed  by Eq. (2) dur ing  Its a c t i v i t y  c y c l e  ( see  S c h r i j v e r  and 
Saar  1987), t h e  i n v a r i a n c e  of t h e  s o l a r  Eq. (1) t o  s u r f a c e  averaging  a t  d i f f e r e n t  
l e v e l s  of a c t i v i t y  p u t s  s eve re  r e s t r i c t i o n s  on t h e  change of t he  d i s t r i b u t i o n  
f u n c t i o n  o f  magnetic f l u x  d e n s i t i e s  over  the s o l a r  s u r f a c e  throughout t h e  
a c t i v i t y  cyc le  ( s e e  S c h r i j v c r  e t  a1. 1987). 
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Equation (11, der ived  f o r  smal l  elements on the  s o l a r  s u r f a c e ,  is remarkably 

The obse rva t ions  were performed while CJS was employed by t h e  Un ive r s i ty  of 
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